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PLASMA AND ELECTRICAL DIAGNOSTICS FOR PROCYON EXPERIMENTS*

H. Oona, El. G. Anderson, J. C, Cochrane, C. E. Findley,
J. H. Go[orth, A. E. Greene, H. W. Kruse, J. V. Parker, and D. G. Rickel

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

~oductio~

The aim of the ‘~railm~ter series of experiments is to
generate an intense source of soft x-rays by imploding a thin

(?WKI A)aluminum cylinder, i The present scheme incorporates
a plasma flow switch for the final pulse shaping and requires
careful diagnostic analysis. The emphasis of this work la 10
transfer the energy to the load area and to understand the dy-
namics of the plasma flow switch. z The experiment-s are c~rried
out at LANL in two [acilitiea. Laboratory experiments that an-
:]wer qu~tions about the details of the plasma flow rswitch are
done on the 1.5-MJ Pegaaus capacitor bank. The higher energy
experiments (Procyon series) utilize explosive pulsed power syst-
ems and are conducted at the Ancho Canyon firing site. It is
the latter set of experiments that will eventually supply an x-
ray radiation source at the megajoule level. At the present
lime, the emphasis of the Procyon experiments is to deliver
energy from the generator to the plasma flow switch and the
load area. ‘1’hc details of these experiments are given in other
papem at this conference, a”

IrI order to characterize thezc experiments onc needs 10 cli-
agnose the driver performance and the dynamics of the plasma
and power flow in the plasma flow switch region. The dilT-
culty of experinlents in which high current, high voltage, and
nigh explosive are combined, leads to zavere problems. Many of
the diagnostics arc unique and untested. Since orIlv a limited
nurnbcr of experiments are done during a year, the effori. is 1(I
maximize the information per shot. The aim in this report is to
I)rcscllt so[ne of the diagnostic tcchrriques used in the adverse
‘1’railm~ter cnvirunrnent.

~~e L~ad Rcgigr

‘1’lw vacuunl power flow region of the the Procycm cxpcri-
IIICnt is SI1OWIIi!] l:i~. 1 Hnd it cxten(ls frolll lhc closing swilcl]
to tl)v(,11(1OrllW plw+mrr gun. !1 includes the anodizcrl radia-
tiw) lJiIllIcs, tlm wire array, the pldrna gun, and implosion load
rcgiol]. ‘1’l]c switch plasma is generated try l]IC wire a;ray rur
currcnl is LrilllHfcrrecl fronl tllc gcneralor 10 lhe wires Blld 111(’
JXII forces move it along lhc al~nular gun harrcl 10 the inl-
plmiol) load. I’hc wirr array and lhr barrier foil colnbination
l]roducrw 130 Ir)g or swilc]l plasrnn, The wire array iE nn illtri-
ctitr wcnvi]l~ of Z-lnil-dia[n Rlulllinurn wires as nhown ill Fig. 3
and is dc~ignwl L(I ~~ivc u I/f{2 IIIaSS dcprudrncr, al):l /r’ rcl)-
rw+rl]ts t]I(i riidial (!lstanc(, frolll lIIC celllrr 0[ l]IV l)la-’’ImI @IIII.
TIIr I)rc:cnl s(,rirv or I)rocyol] cxperinmllts will 1101illcllldc 111{1
rylill~lriral Iond foil b{,calme tllo goal is to suer-cs~fuliy lrn~ln[cr
tlw llowrr to thv load nrcn m rlmcrihrrl ill other papers.i’~’:’

‘Iitw rmdliktiolt I)alllcrr were lcflt.rd to nlillil])ize the prcrlral)il -
ily of ra(liatioll-i llduced Ilaahovcr at ~hv varuulll clieleclric ill-
tcrfac(,, AkJ, llle radiativ[) characleristicu of the bafllcs IIccrl LO
IN kncrwn for rncrdificationn FAIIrl optimization of the powrr flow
to thr load F1-hover Irrr tcflrrn, which in URWIfor a dirlcctric

z A Wc have Il]cmllrcd lranmmirrsiollin!.crfacc, in nboul 6[) ~iJ/clII
with a pulncd xanol) (w)o-J) Ian)p aIId al) optical n]ulticll~llucl

anmlyzcr (OMA). Thin hu shown attenuation of around 107 or
that alrout 1(JpJ rJf upcctrally intcgratccl rariiatkll in lhr riwgr
of 300 to GOU11111gctn to the dielectric vacuum lnterfac{l, ‘1’him
Icvrl d rnrliaticrn in acceptable and no prolrlcnls wcrv rrhsorvo(l
in tl)c l’roc rJn ex mrilnentrr. ‘1’IIPIlashovvr in alno a fun{ lion of

~ 1thr rrpcctrn dmtrl utiotl m the temperature of the plMmn pro-
durrd lIy the wire array, In thr Iateat Procyon exprrinmtlt tllc
plssina telllper~ture of the of the wlrr array was nw~urml just

*l.lll- work WU OUppurted by lhe (Is []epmtlrtent of k;ll~’rgy

after the wires burst. The temperature WSM determined from a
spectral fitto Lhe blackbody distribution, and the temperature
me=ured was aboul 5 ev.

V.vulc

\lh IX(

Slti

m - :LhY now,..

c1. B. Do, Plok

-%!2!E-l-
1

Fml

‘mow- = “., “is. am, ‘%”
Fig. 1. The components of the Procyon experiment. The radi-
ation baffles, wire array, and barrier foil along with the implo-

sion load area arc ~hown. The location B and Faraday rotation
probes are indicated.

FQ H FIow w Di~ogt ics
Several diagnostic techniques nre used to measure the the

power flow to the load end of the ~., pcriment. Current is mea-

sured w:th Rogowski coils, Faraday rotation systerna, and B

probes, ‘l’he Rogowski and B data are transferred over fiber-
optic links thal have been instrumental in minimizing ground
loops, The Faraday rotation syslems arc intrinsically free
of electronic noise but have suffered from rncchauical shocks,
which are the main cauae of data loss with Faraday rotation
systcl~]s. We rely heavily on accurate current measurcmcnls
with Itogowski coil~ and Faraday rotation systems and corrc-

Iate the data agairmt each other. Even though fi probes can be
used to rneMurc currentrr, they rnerrsure localized fields and are
al[cctcd by plmmas and, therefore, arc mainly used for plaarna

velocity and thicknersa meuurclnetlts. Wc normalize the kt data
to appropriately located Rogowslti and Farad~y rotation sensor
data and usc the inrorrnatioli to deduce tlw amollnt of -rrrrent
Ilowing and switched in the plasnlu flow switch III the p’~ma

I1OWswitch cxpcrimentu, a series 01 i] prolrcO arc placcrl n!ong
LIICoutside and inuidc clcctrudcs of the switch chalillcl SLYSlMYVII
iii Figs. I nr)rl 2, and they record the arrival tilrw of the plasma
m crwh prolrr rcgiutcr.s the current M the plklnlr, pnwcs,
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Fig. 2. ‘1’hc electrical circuit for the Procyon experiment. The
generator, cloalng ●nd opening cwltcllea nre shown, Tha plasma
gUII and load ama are shown to indicate the positions or the

rrcmrorn. The plarrnm puaitloll is detected l’y B probes M it
pMscrr the sensor.

The 1) proba am (abrlcated from nolld copper cou ca-
hlc with Iha cantel wire madr Into ● loop and soldered to the
outer coppvr nhell. Tho ama 01 the loopI ue cpprortlmakdy

1 3 x 10 e ma. The fl loop In ernbaddcd III ●poxy InsIda a
fused tlllca tube, Thae probu are extremely ruwui and work



veil in our environment. Each probe b calibrated by referenc-
ing it to a known loop area with a pulsed current source and
n this manner the eflective loop areaa are determined for each
me.

. ...,,., . .. .. . .. . ,,,,.,,.,-,.,,.,,,, ”,.,.,,

Fig. 3. The wire array. This is the source for the plasma in the
>l~ma flow switch. The pattern is to simulate a I/R’ mass
~ependence. The angle, wire size, and the tmgular step size of
:he wire positions determine the m~s dependence.

Figure 4a shows integrated ~ data [or the probes on the
~utside plasma chal, nel wall ;md Fig. 4b shows data for the
Inside wall. The data for the load region are also included in
Fig. 4b for one of the Procym experiment. The probe data
“or the outside wall have be m normalized to the current that
~~ observed above the wirf array with the Rogowski coils and
Faraday rotalion probes. Vlc can determine the plasma veloc-
ty from this data by obs ;rving the time Of the initial rapid
;ignal onset for each prob :. The velocity of the switch plasma
Ictcrmined in this marine: is 2 cm/ps between probes m-2 and
m-3 and 5.2 cni/~s betwem probes m-3 and rrl-5 ~,ld the plasma
:hickness was rstimated ‘o be a maximum cf -5 cln by the tinw
t reircllcs Lh(, load rcgic ,1. The same analysis was done for tllr
Iatu fr{,l,, ltlc il]si(lv w ,11of the gun Lrarrcl and tllc lCIiid Llr12iI,

\VrJ find, for Lhc prol~~,; al tllcir conjugate locations, the vcluc -
ly to Ijc, 2 c[ll/I{s illl 4,3 c[rl/l~s, rcspcclivcly. ‘~llc pls9m;I,
:Ilrrv[t)rv, IIIoved in 1] ? barrel as ;I re~onab]y Crniforn] irn[lular
“washvrn .klso, W()II( ticc llIal the rurrellt swilchil]g to lhc ion{]
Jroil, as in(]icalf,fl Ip prol](, s III-9 tilld 111-10 was sirllulturlt:ous
but SIII;III, ;lIId II(JL‘ IV S; IIIIC rmgllitucl(,, ‘1’IIc Faradny rotation
]ig[lirls ill l;i~. 5 ~lso show lowrr currents (significantly less tllrtII

IOU%) ill lh(, !uwI, IU1 slill !Iigllcr L]lnn l}w D probes indicatt~.
I’llr I:aradav rcrtat (,n proljus (10 not rrach pvak current Rnd
Irt, prnbaljly rdfcc d I)y I,illlrl Irwchanical damage or intcllw
‘;idiatioll tllirl [n( ,Iilills tll{’ characteristics of lhc filrcr. F,vv II
;Ilougtl lhc F~rd ,y I,rd.rcs arr ll)ole accuralc and Iiol plagu,,d
:~y local plsalrra molllalies, they arc, ncverlheleos, subject to
I)ssngcs in lrirtfr IIgrIIrC mused try mechanical elrccta,

l;~radtiy rof atir)n Iicld rrcnsors ure cxtrrrrwly valunlsle Wl]rrt,
~round kropn al d cloctricrcl nrrisc ran oeveroly distort the data,
Figure 6 illuot at.err the ~ystcrr: used at LANL for the Pro.
:yon cxp~rirne ]tm. ‘i’h~ flbcrs in the experimental setups arv
protected by JIastic tubing, It’I’V, Torr seal, or other epox.
IFS, which l]r +ide protr-llon from shock~ and (IV light, A
Immn of lint!? ;Iy polarized llr Ne (632.8 nrrl) light irr t.rane. rrril-
ls!d lhrougi} t w rnclmrr 10 a recording atatlon where the rotation
)f thr plane of polarization in nwasured, lIRlf-Wave retnrdu-
Liorl l~lntsw p :r urwrl to rotnte lhc polariztrt,iotl dircctiull I-CL111(1

Iil)er r’ltr~n v and Ill tllc nnnlyzrr, l+~lluwitlg dcvvlopllwllt hy
:)Lllrl H,“ llIr I:iwmlhy rol, iii, ion ItII~lr (9 for n t onxlal gswlr)rl, ry is

H L“J;:/)’dx, I“ iMllfe Vrrdvl ronntnlil [or lIw Itlntrrinl,.,.
}) i5 tllc II ngnrlic Ileld nlrcngth, and 1, is the mth Irngtll it)

)
lIIC fic]d. ~ccordillll lIJ Atllpcrm [kw, I . (l/Bo f /) dx, un~l
here / is 1Ile I urrellt crodng liie surface k-run ed L the Iirre

[intqal ● Id, lhere[ore, O = V’U, I. A r~ult from 1 e shot 10
~lvair in fig. 7 and It ia obvious that tho fringaa are mawnably

cuy to count early in time but at late times when rapid cur-
rent changea are taking place and where current revemals are
encountered the situation get-s difficult. Usually, two detectors
are aet to record the same signal with a Q&phase difference.
The resulting signal will be quadrature coded, making possible
the detection of signal reversala.
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Fig. 4. a) The B data from the probea on the oubside channel.
Signals are observed M the plasma pas-sea the probes. The

probea currents are normalized to Rogowski coil data, The B
probes Me mainly used for plasma velocity measurements and
thickness. The velocity is determined from the probe location

and the sudden onset of probe current. b) The B data from the
inside wall of the plasma-flow switch. The data are normalized
to data from the outside wall, The onset limes from both data
sets indicate the the anrrulur plasma was a reasonably urliforrr
“washer, ”
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I:ig. 5, Faraday rotntion rni Ilnln for I’royyull cxpcrirnent
Y(1) SS3), I’hc generator and p amna-llow nw,tch ctrrrcnta arc

shown. F- 1 shows tllc generator currcni. F-3 in the current
lllcii~urt!d at the radiatiork Laf!lcs. ‘1’ile currrrrt in the plasma
gun and lo~~d area are givcrr by F-4, i~-s, and F-6. F-6 show~
lhc current that is switched into thr loud.

PI ASMA rOIW SWITCH

4?A0 LOAD RICAIOU

Fig,
tion
flow

6, The Faraday rota-
oystcm on the plasma-
Swltch, Tim optlcn and

the load region are shown, A
lIcNe laser tranrrnlitn polarized
light that mrclrclcsr the current,
path, Hal[-wavsr plates at tile
clltraucc and cxlt of tilr flt-srr
nlign thr prdarlcatlon, ‘1’lle
Wullmtcsn prlarno nrc Wrvl tn

I)ruvlde mcasurenwnt,n or lmllI
lIK silne and c(mlnr of thr rotn-
tion angle.



T]le sensitivity of the fiber is determined by the Verdet
constant and for most of our experiments this sensitivity is
0,6818 MA/cycle, i.e., the polarization changes through one
cycle as the current changes 0.6818 MA. For accurate current
memurement-s of less than 1 MA, the number of fiber turns are
increased, and ii] some cmes up to 50 turns have been used with
a sensitivity of 0.014 MA/cycle. In cases where the magnetic
field changes very rapidly, 1 lower sensitivity m .) be desirable
and we have used systerm with a different laser w~velength
(850 nm) to give a sensitivity of 1.15 MA/cycle.

;. ( 1 1(111 Y’1

,,.’
., ,.,,,,,,,,, .,, .,!

Fig. 7’. Example of Fara-
d~y rotatiorr signal from
a Procyun experiment.
‘i’lm top curve shows the
Faraday rotation signal.
The bottom curve shows
current. The fringes are
counted and rnultip!ied
by the Verdet constant
LOgive the current. For
rapidly changing cur-
rcnls the resolution is
changed so that fringes
can be counted.

ltadj~liull. Iliagnoflig.s

Evril llluugh lIIC cmpllasis of lhe Procyon series of exper-
ilrle[]ts hu, lj,wn to trans[er power to the load region, the need
to diagnose [hr radiatiul] from the up-coming foil implosion
lesls nccd~ 10 bc adtircsscd. llIC generator and switch in the
lhesc cxperi[lwr]ls ;Lrv cxptosivcly driven and the vacuum im-
plosion cl]ar]ibcr and the diagnostics do not survive the bl.asl.
‘1’IIP rddidl ion corl)(,: [I UIII 111(1 ]~liLSIIIa flow switch al~d lllc foil

i[l)l)l(hioll r(,~:lollh 11 is Il(,c(ss:lry 10 Il]unilor d;fbcnl l)llilSt”S

Uf (,,101 I)r(lc(,ih. In 111(,~,ll,:ll);i II{Nvswi[(}l w (Imire to [llouilur

(II{, illiliikli(lll (If III(I uil(’ arrlly iiIItl 111~1 sul)scqucllt nwtio]l d
L]l(}l)liLIllld IIOWII !Il!’ )!11!1 l)~lrr[’1 I)l]rill}! [11(’foil illlplmioll prl)-
C(ISSt~t, 111,10<1I(I Illol)ilor” III(, i[lill:i(ioll of 111(’ Iu;i(! foil, tllf’ ru’l -
111, ;III(I (ll(,rllli~lil.;llloll. ‘[’III, diill;l)uslics for lllrsr rx])rrilll(’ills
irlclu(l~, lil~(,r(,{l x-r~ly di(~~l(,s, lill(’r~,[l I]olt)lrwlrrs, tilltc-r(,solvt’(1
Irlmgirlg r(lrll(,rlls, lirll{,-rt’solvf’(1, uv-visihlc und x-rtiy spcclrorrl -
cl{lrs, ;Illtl [Illltl{jll’ ril[llf~rila. In lllis l)itl)Cr WV will (Iiscuss 5011W
(If l)IVSC l!,~]ll]l(lucs ;Illli stl[lw (]illil obtnill(,(] fr(llll l) CglLSUS Illl[i

olllvr r(,ltit(~ll cxperil]l(, nls,

\’i5il)l(, irll;tgill~! IIa.s Ilw’11 tli)llt, ,vil), LWO difrf,rcllt lypwi (If
t ,Illl(,ru.s: nit, IIlg)l ]Irmsl]rc ~;LU. driven rot;i!il]K Illilmr r~rll-
(’ri~., ;iIIIi IIIV (’l(>r’tll)!)i( ]li~ll-sl)w(l crrIIwI, L\ (inliwons). Mir-
rorh ,Ir(, IIsr(l 111 lr,ll)ll’l (III illl(~~c [rolll lIIV cxpcrilr lent 10

.~ara,(,ll r(]a)rl).~ 1,1 tcj I,llllk[,rs ‘1’111’1,1111 (’ill l)illll, Whi( II 1!4 IISllllll\’
Itmfi ltI,LII 1(1(1 ![, I It>’,V!I IIlc II I, ISIIIA t)t)th dXllll~ All~l ril(lllLll)’

1,’i~llr(,s !) 10 ,11111111,1~(1,1iIII Illrt tlI,It rf,vt,,~l S(JIIIV r~;l[ur~+ (II
ltII, l)ltisIII.i IIr I IJI,I ,111,1IIIIW !wII(’11 t,xperllllotlls LIIl]IV ]’(!gMIIs
( ~il);~citol I]iillk

Ill 1,’i~ ~11 W(’ fill>,’lV(, Ill!, ll]iL’. Illil Sill, iilll iLl il ptLsq41S111(,
Ion(l aron. ‘1’111, ill(,l-(lrtl[l(’ 111111 II[rurlI ilrln~e is i{i7 ns lllld llIV
iif ‘IIIil t,xl~(]surv tiltlv is 20”: IJI this. ‘I’ll, V(’lwily UII(I tlllck
;Itw> ~Jf LIIO tih Iwll I , AII 11(1 WIIIIII; IWI1 rr(llll th{w illll~p,(w \$’,,
,,:~lilll~ltt, ;1 V~II,,tltv ,,[ il IIjilllrlllllll (j (r II I/n S HII(I u tllickl, ww 01
,II,,III! IL , III, ;Illji [III: il,l”r)rlllnlloll IS very illll)urtmll IIIIIU1 r[ll
LIII llII,~III,t I, ;II (ll!}i~tl I ,111+ AIhII rmrvllll (,xmlllill~,tlol) (II 111,1
IIII,IK(,:) II lIIT~IiIIV: (Ivi(l(’111 111,1( ;I l]rr(’llr~ljr lIIILSII)hlIIu1 NI)IIV;IIS
t,,irly ill Lilrl(, i:, iIIYII II IInt, tvl, rl, ‘1’111~fv(llllrv IIIIJ+ IMWII olwvrv(,(l
WILII Ii lIIIjl~w. IIfi II,LIIV r~lrll,llt ill 1111li}r, l)IIWIIIII flow riwil(’11
~,xl){,lill,i,ll(:i. l;i~llru{ HII iIt Ifl NIJ RIII)W ILII illll)ltmiul~ as t~l,svrvo,l
iixiilll~ !Il till, If)lill 11, p,ll)ll AI I itlll~l,,sit)li is rlvurly (Ilmcrvwl willi
)1Iritllllllg ( NIIII, IJ III 11’Ig. HII AS III(I l)lasIIIa vullmpwn (Ill thl’ trxiq
‘1’11, ~JILttUI II ,,IMVI JI,II in {lIIr 1(I n rslcslpntlrrn ill llIe ttlw’lri( III
~ii{lv l)lnnr n’ 111{’rlld of thv It)ul r~glun ‘1’lw inlrrlrallw Lilllr
in lhi~ oxpcrinlrllt in 100 IIn Siinllnrly, an imploeicm in {,lmvrvv(l
with n mtrrak rnrnel n (l~ia, Nr) sn llw plsama nluvrw towiird llIo

axis and the light fro-m the plasma generates a parabolic shape
as it accelerates to its collapse. Estimates of the final implosion
velocity from the streak camera data were 18 cm/#s.

l(’ig. 8 a) Radial view of plaslnir ~n Peguus capacitor bank
rxp~’rimcnl. The images shown are taken 167 ns apart and
exposure tin]u is ah.rul 34 ns, the timing ullcrl, atcs from left
to right and down. ‘1’hc plunw moves up in each ima~e. Wc
nuticc V;lrly ill time the front m+gc of a precursor and ii rwrics
or W’ilvvs or pliLs[rl’d. ‘1’llc rrlain pliislll~ is olxwrvcd as t’,c bright
il]lagcs during sevcrtil frunws. Eslimates Oi~,hc pltwmn velocity
were (j CII1/WS and a thick nrss of 1.5 cln. b) Axial view of a
plaslllir r)inch in the load rmu. ‘1’IIc putlcrn is duc to a .sIottcd
rlcclrical glide plane, It is clear when pla9ma rcachcs !hc center.
IIlff’rrriirnc tinlc in this figure is 1O(J 11s. c) A streak camera
p cturr of a pinch. A.Y lIIC plrismti irrlplcrdcs suld acceh. rs!es, a
p lrabulir image is observed. J,iItc in tirnc tllc plasma begins trr
vxpull[l, At l,i])ch tilrw the plrcxlliu vcluci Ly way culculatv(l to
be ;Il,l)llt Ili clrl/ps.

X ray inlqinR AIIII Hporl. rownpy dii+gllvst.i[~ ar,, dilticult (u
Iiol(l in lhv Averac envirr’nllmllt. u.Thcu:’ diagllonlirti III!rvl to Iv’
I(,rnlrd ill thc vucnunl syntclll U]NI ill tt,c vicihily d high cxplu-
hivcs iill{l, lhcreforc, Ilccd to he fuhricatvd in ouch a way that
tllrv I Hi] wlthstitnd the cxplwrivr shocks and bc recovcralrlc.
l~illll IN thr IIliii]] It!coldillg me{liull) for t.herw inrrtrurrmntm Af-
ter Lhv vxl]rrilm’llt, thrxw dingmjrntic~ need to be recovered and
Iillll pri)cwrmd, Figuro 9 shown an x-ray pinhole camera rJpec-
ttl]llmtvr culr]l]inatit)ll !Ilul hiw Iwvl) succrwnfuliy unrd ‘1’lli~
{allwrn Irr I)nilt irrii(lr a ollo-ii),-t,l)ick ntwl casing, in var,uul])
Liglll, (LII(Irr(lnablc. I;iltorh urc UWII ill front of the pinholon to
only Lrirnslllit the x-ruyg. A shultvr rrwrhallism (oittlcr Hprl H~
l~mtlv[l {)r (lot{)IIntIII driverl) Ill(wks the ritrny ll~l~t after tlw ox-
I)rrillwllt nild I]rior Lu rrruvrry. ]Jiuurr+ Ioa S]IOWH t]lc rliw datrr
~)f all x-my I)itlrh froth tllv Ijrrglllln pxprrirncntn Itnage PII-
hanccllmtlt )IM ill)ptovw] Lhc I]inrtl rrgiutl in the ptmto~rnllh an
twrll ill Fi~. 1011 MI(I n cumput.cr (Ictrrlllillod demily prufllc in
xh(~wll ill I:ig. Ior. 1!1 this pictulv thr dilmlmiurl of tho main
“l,loi,’” (Ii ltw I)i’lcll in i!-nllll Wide wiltl P tlcight uf hhrut ]’7 lllrrl.

‘1’hrrr IHa need to meuurc tlm lclnperature of the Irn lo-
{sioll at I)incl] tinw. For thi- purpuae [ilterwl x-ray dlodaa (X !))

nnd l]~]hml~tera are used and the ditm !Itted to a Pl~cklan
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Inask,r experiments are modified versions that were originally
developed at AF\f’L7 and at Swrdia Laboratories.8 The one
used at LANL is a four chanoel h!tered syslcm, The filters and
detector foil are chosen 10 sfitisfy IIIC conditions of an experi-
ment (approxirna[e Lemperalure). ln most 0[ our experimcnls,
the detector foil is l-pm-thick nickr’1 mounted on a fuses silica
substrate. The bolornete,- is biased with 40 A about 8 AS prior
to the critical event (pinch). \\’hen radiation hits the bolomc-
ter foil the temperature of the foil and, therefore, the resistance
is changed. This resistance change, along with the current flo\v
in the foil, generates a voltage that is related to the energy
deposited in the foil. On one of the latest plwsma switch Pe-
gasus experiments wc obtained 19.2-kJ total energy deposited
into 4-n steradians in this experiment. The spectral range of
these data covers from about 70 ev to 3 kev. The differentiated
data gave the power for the imp!osion and the peak power was
about 5 k 1010 R’.

I;ig !) ‘1’llc x-ray pillholc calr]c’ri~/slJcc tr(Jlllet,cr combination
tl]is callwra hui LPCII rc-used in scvvral cxpcrimcnts The two
illlag{’s call give a st(,rcosco[)lc l~iclurc of the pinch or they call
bc us~’d with diffcrcllt lilt(’ring. LIICslwctromct,er is designed to
lrc usahlr will] a v,iri(,[y of x-ray crystals, A shult.cr lrlechanis[li
c!oscs l]Ir Sj’SltorII If) strdy ]i~lll iiflcr l]IC cxpcrimcnl.
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‘J’hey can operate at fluences up to the point where the foil
begins to ablate.

Conclusions

Over the time period of several years through various
ph~es of the ‘r’railm~ster program, numerous diagnostic tech-
niques have been developed and modified. We have demon-
strated that the diagnostic lechniquea have been successfully
fielded in the adverse environments. Other diagnostic develop-
ments are in progress including time-resolved, high-resolution
x-ray spectroscopy and imaging. Improvements are being made
in electrical diagnostics and the increased use of fiber optic links
has significantly enhanced the quality of the electrical data.
Noise pickup and ground loop problems encountered on previ-
ous experiments have virtually been eliminated.
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